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BACKGROUND

When, a few years ago, we Started investigating tablet
disintegration, what appeared most appealing to us was the
dynamic aspect of the disintegration process.

In the first paper published by our group on tablet
disintegration, it was stated that: "to obtain a rapid
disintegration, which is a necessary condition for a high
bioavailability of the active ingredient, a disintegrating force

must develop inside the tablet, capable of weakening and breaking

(#) Presented at 6th Pharmaceutical Technology Conference,
Canterbury (England), April 1987
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interparticle bonds. This force 1is generated by the replacement
of solid/air with liquid/solid interfaces..." (1}.

At that time, List was publishing a series of very
interesting articles dealing with the measurement of swelling
pressure inside disintegrating tablets (by means of a strain
gauge based apparatus) (2,3) and he was able to conclude that the
pressure development was linked to the presence of a swelling
disintegrant and responsible for the disintegration process.
Although it was clear that swelling pressure was not the same as
swelling volume, no definite relationship could be found between
swelling pressure and disintegration time. Since this early
work, many papers have been published on this subject by our
group and further research is going on, that we will attempt to

summarize.

DISINTEGRATING FORCE MEASURES

During our research we also developed an apparatus for the
measurement of disintegrating force (4) (Fig. 1)
Basically it consisted of a tablet holder (an empty stainless
steel cylinder closed at its Tower end by a sintered glass disc)

and a piezoelectric quartz load-washer (Kistler} connected to a
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FIGURE 1

Apparatus for disintegrating force measurement (4).

X-Y recorder. To effect force measurements, the tablet, whose
sides were opportunely covered with a waterproof scotch tape, was
placed on the sintered glass disc and the tablet holder screwed
on to the transducer. When the assembled apparatus was submerged

in the immersion fluid, the tablet was invaded from its lower
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face and the force developing inside it was transmitted in the

axial direction to the Toad-washer, whose opportunely amplified
signal was fed to the recorder where the disintegrating force
versus time curve was displayed.

The apparatus was constructed so as to avoid radial losses of
disintegrating force, to assure an even water uptake from the
lower face and to assure a complete transmission of the force
developing inside the tablet.

In a later version (5) the piezoelectric load-washer was
replaced by a Tload cell and the disintegrating force data was
collected in a computer memory (Minc 11 Digital).

In order to further List's findings, our approach was to exasline
the entire disintegrating force develcpment kinetics.

Since the early force experiments were run, we attempted to
describe the entire force versus time curve by means of the
following hyperbolic equation written 1in the simplified form

(4):

X

~<
[e]

<
o

where x represents the time, y the force and y and b represent
the maximum force deveioped and the time needed for developing

half maximum force, respectively. From these two parameters, the
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N
value 220 could be calculated, which represents a mean

disintegrating force development rate value.

Subsequently, using a computer program run on a Digital Minc 11
(6), disintegrating force versus time curves were fitted
according to the Weibull distribution function, as described for
dissolution (7), rearranged into the form:

Tog [- In (1 - F/En)] =b log (t - t,) - b log ty

0

where F is the disintegrating force developed at time t and £,

is the maximum force developed; t, is the time lag; b represents

0
the shape parameter of the curve and depends on whether a
sigmoidal, a single first order exponential or an initially
steaper exponential curve is considered; td represents the time
parameter of the distribution and represents the time needed to
obtain 63.2% of maximum disintegrating force starting from the
end of lag time to .
These parameters, obtained according to the fitting procedure
described in (6), allowed a complete characterizafion of the
saturation curves obtained. Moreover a rate parameter termed
“input" (that is the derivative of the Weibull equation at time
t=t + 27d) was calculated from the fitted curve.

"Input" represents an instantaneous value of disintegrating force
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development rate and was believed to be more informative of the

kinetics of force development.

DISINTEGRATING FORCE AND DISINTEGRATION PROPERTIES

We had put forward the hypothesis (1) that not only the
maximum disintegrating force but also the time needed to attain
the maximum force development was relevant to the disintegration
velocity.

As data on disintegrating force became available, this hypothesis
was given further support.

In one of our early papers (4), differing series  of
acetylsalicylic acid (ASA) and ASA coated tablets, prepared under
controlled conditions, were examined for disintegrating force
development. In fact, a linear correlation was found, on a
log-log scale, between the disintegration time and the —;——
value, that is the mean value of the disintegrating force
development rate (Fig. 2).

In a subsequent paper {6) differing series of ASA coated
tablet formulations containing differing disintegrants or

disintegrant mixtures in various percentages were prepared and

examined in detail for force development (Table 1). We observed
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FIGURE 2

Relationship between mean disintegrating force development rate
(y./2b) and disintegration time (4).

(Symbols refer to differing ASA and ASA coated formulations
and figures indicate the increasing order of compression force
within a formulation).

that a high value of maximum disintegrating force (F, ) does not
always correspond to a fast disintegration. For example, although

mixtures G and A show comparable maximum disintegrating force

values (at the highest compression force levels) their
disintegration times are markedly different. In this case, ?:d
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Disintegration

time
different ASA coated tablets (6).
The composition of mixtures (g/tablet} is given below.

and

TABLE 1

disintegrating

CARAMELLA ET AL.

force parameters of

S
E - - . .. - .
g Compression Dusintegration  Disintegrating Shape
o Force. Time, Force (F.). Parameter
5 Mixture AN s N Tas 3
é A 43 18 14 3 1.3
8 79 18 18 2 1.0
= 134 19 31 6 1.0
£ 186 18 34 7 0.7
2 280 19 34 8 0-
< B 56 13 26 8 i3
§ 93 16 33 8 1.2
= {458 17 40 11 11
2 196 20 42 14 1.0
2 251 25 43 20 11
2 C 53 136 1 70 0
= 72 236 5 140 07
5 135 964 5 610 1
8 lo4 1223 6 840 13
g 287 1693 S 990 1.2
< D 3 20 37 9 1l
%Z'\ 102 27 Y Iy 12
£ 5 135 32 So 21 1.:'
g8 193 a1 33 R0 [
55 274 53 32 42 b3
€8 E 60 9 34 s 0.3
= 89 10 12 3 0
Sg 130 12 47 8 ?f
haly 170 io 53 11 .
B2 240 2 50 13 1
k) F 1 12 34 9 1.0
< 92 2l 34 16 1.0
g 154 34 53 23 10
[a] 188 49 SO 33 0.3
) 252 66 45 3 11
c G 62 72 28 110 0 :
8 104 143 32 133 0°
& 127 237 32 330 0(3
= 177 3% 32 430 0°-
= 223 S0s 27 630 03
7]
=
2 . .
= Composition of mixtures.
]
8 Mycroerystalhine Muoditted Caton-Exchanaee Sodim Carzons
g_ Mixture? Coated Aspinin® Cornvtarch Cellulow Crospovidone?  Siarch’ Rewint micthy e Tuose
T A 0515 0075 — — — _ -
I B 0.515 0015 0.0%0 _ - . -
[a] C 0.515 — — — 0073 — -
=) D 0.515 — 0075 - _ _ -
2 E 0513 - 0.060 - - 0ots —
[a] F 0315 - 0.060 013 — -
G 0513 - 0.060 . - _ 00

a ATl mixtures cont

ained 2% (w/w) talc, F.U. grade.

bBayer Italy,

Milan. © F.U. VIII Ed. grade. dElcema G 250, Eigenmann-Veronelli,
Milan. € Polyplasdone XL, GAF Italy, Milan. FSTA-RX 1500, Eigeninann

Veronelli, Milan. 9Amberlite IRP 88, (.Erba, Milan. hNymcel ZSB 16

Nyma, Holland.

3
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seems to be the decisive factor. In other cases, the opposite
situation is seen. The comparison between C (third compression
force level and G (fifth compression force level) mixtures shows
that similar 'zd values correspond to disintegration time values
that differ about 50% due to differences in disintegrating force
values. The above examples <clearly indicate that disintegration
time depends on both parameters and only the joint consideration

of F and z

4 allows an evaluation of the kinetic aspect of the

oo
disintegration process. A good correlation was found, on Tlog-log
scale, between input and disintegration time (Fig. 3) for all the
tablet series examined in Table I.
Other authors (8) have recently examined the effect of
recompression (rework) on the swelling force kinetics of tablets
made by wet-massing an Avice]RPH 101 matrix containing a fixed
percentage of an extra-granular disintegrant (Explotab R s
Po]yp]asdoneR XL or Acdiso]R).

ATthough the main aim of the work was to relate disintegrant
efficiency to the rework process, the authors could draw
interesting conclusion as to the relationship between swelling

force development inside tablets and disintegration behaviour. In

particular  they confirmed that: "The tablet swelling
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FIGURE 3
Log-log plot of disintegration time versus "input" values. The
linear regression equation is log y = -0.6076.7og x + 1.3925
(r = 0.968).

Key: (O)A; (O) B; (@) C; (@) D; (@) E; (A) F; (@) G (6).
(Symbols refer to differing ASA coated tablet formulations examined
in Table 1).

(disintegrating) force alone does not control tablet

disintegration" and found a correlation, on a Tog-log scale,

between the disintegration time and a composite time function of

disintegrating force development. They  concluded that
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disintegration time is related to the overall kinetics of force
development.
A11 these results confirm the relevance of the kinetics of

disintegrating force development to the disintegration process.

DISINTEGRATION FORCE AND TABLET PROPERTIES

We also investigated the relationships between the force
development and various technological parameters and properties
such as compression force, porosity and crushing strength (4,6).
The maximum force developed in a given formulation generally
tends to increase on increasing compression force (4). This
observation, formerly made on starch containing formulations (4)
(Table 2 ), agreed with the reports of certain authors for whom
the starch grain swelling is more effective at reduced porosity
values (9) and/or with the observation that in certain
formulations the smaller the pore diameter, the greater the
capillary pressure developed (10).

On the other hand this phenomenon, observed also in other
non starch containing formulations (6) (Table 1), could also be

explained by the observation that the swelling or repulsive

energy of disintegrators can work best when particles are closer

to one another (2).
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TABLE 2

Characteristics of ASA Tablets
Derivatives (4)

Containing

CARAMELLA ET AL.

Starch or its

586
30"05
53v77

Force Hard- Poro-
level ness sity
hN N %
ASA 5 56 30 .7
159 65 6.2
310 76 6.0
ASA}U 46 12 12.7
165 65 6.9
273 72 6.4
ASA 3% 79 30 -
148 86 -
245 163 -
ASA 95 26. 16.7
Elcema 181 45. 8.6
232 53 8.0
ASA g3 22.7 13.5
Sta-RX% 191 54.7 10.3
285 66 . 9.3

Yo = maximum disintegrating force

= time needed for the development of half maximum force

D.T. =disintegration time
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FIGURE 4

Log-log plot of T, values versus porosity. Key (O) A; (O) B;
(@)C; (@) D; (@) E; (&) F; (0 G (6). (See Table 1 for symbols).

The disintegrating force development time (b or ’Cd ) always

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

increases on increasing compression force (Table 1 and 2 ) and
as porosity decreases (Table 2 and Fig. 4). This is in agreement

with the observation that it is related to water penetration (1)
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In certain formulations the increase of maximum force
developed on increasing compression force may partly compensate
the increased value , so that the resultant rate parameter,
“input" value (which is the disintegration velocity) is
influenced by compression force only to a minor extent.
In fact, the relationships between "input" and compression force
depends on the type of formulation (Fig. 5). A complete
characterization of the compact can be obtained by plotting
crushing strength versus "input" values (Fig. 6), which allows a
visual determination of mixtures for which the crushing strength
can be increased without significantly reducing the ‘“input"
value.
The outcome of all the work done was that the "input" value can
be employed as a new parameter for tablet formulation. It is
related to disintegration behaviour and it is very sensitive to

formulation and tablet structure changes. So, if it is correlated

with the crushing strength, it allows an overall evaluation of
the formula examined.

As data on disintegrating force became available, we realized
that many experimental results concerning the disintegration
behaviour of tablets could be fitted very well by the theory of

disintegrating force development.
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FIGURE 5

Log-log plot of input values versus compression force. Key:
(O) A; (O) B; (@) C; (@) D; (@ E; (A) F; (@) G (6).
(See Table 1 for symbols).

DISINTEGRATION MECHANISMS AND DISINTEGRATING FORCE

When we started investigating disintegrating force development,
the mechanisms of disintegrant action had been extensively
studied although no conclusive explanation of disintegration

process had been advanced.
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FIGURE 6

Log-log plot of input versus crushing strength. Key: (O) A; (@) E;
(@) C; (®) D; (@ E; (4) F; (@) G (6).
(See Table 1 for symbols).

At that time many excellent vreviews had been published on the
mechanisms of disintegrant action (11-13) and many different
mechanisms had been  proposed, including: swelling (14),

deformation (15), capillarity (11), heat of wetting (161},
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particle-particle repulsion (17), hydrogen bond annihilation (13)
and so on.

Keeping 1in mind that "a force must develop inside the
compact to promote disintegration" (1), we tried to group the
various mechanisms on the basis of dynamic considerations, that

is on the basis of their capability to promote disintegrating

force development. They were grouped in the following manner
(1,4):
a) the pressure exerted by the air entrapped in pore structures
due to a hydrodynamic process or to the heat of wetting
b) the swelling of the disintegrating agent
c) the repulsion among particles caused by the contact between
solid and liquid.
We also stressed the concept that force is not a mechanism by
itself but the outcome of a series of events beginning with water
penetration and Teading to the activation of one of the
mechanisms cited. In this perspective, disintegrating force
measures might have provided experimental evidence of  the
existence of certain disintegration mechanisms.
Given these premises and taking advantage of the fact that a

relationship had been established in some formulations between
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disintegrating force and disintegration time (4,6), we wanted to
employ disintegrating force measures to investigate
disintegration mechanisms.

We started from swelling and the Tong Tasting discussion dividing
the supporters of swelling as an important mechanism of
disintegration (2,14), and those who denied its relevance in the

disintegration process (13).

Our opinion was that the main argument should not be against
swelling 1itself but against the methods employed for  the
quantification of the swelling of disintegrant particles.

In fact, of all the tests proposed for the evaluation of swelling
properties, only microscopic methods (18,19,20) allowed the
direct observation of the increase 1in disintegrant particle
dimensions due to water absorption, whereas all the other methods
were based on indirect measurements ({(hydration capacity,
sedimentation volume, expansion of pure disintegrant tablets,
water uptake of tablets ....) (21-24). On the other hand, it s
wellknown that in most cases (limited swelling materials,
particles that tend to deaggregate when submerged in water and so
on ..) the increase in particle volume due to swelling can be

calculated from the microscopic data with great difficulty.
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In order to measure particle volume increase in swelling media we
studied the applicability of an instrumental method {(Coulter
Counter) (25). We validated this method with optical microscopy
and concluded that it provided a rapid, accurate and reproducible
means for effecting particulate volume measurements both in
aqueous and organic media, although with some limitations. It was
thought to be especially wuseful for materials exhibiting a
limited swelling, which can be evaluated by microscopic methods

with great difficulty.

In fact with this method we were successful 1in assessing the
swelling volume of various disintegrants that had been 1long
discussed from the point of view of their swelling capability
(Avice]R, native straches, cross-linked polyvinylpyrrolidones..).
Meanwhile (26) we studied the relationship between the
swelling properties of various disintegrants and the force
development in a tablet formulation based on ASA and containing a
fixed percentage of talc (2%) and of each disintegrant (4%).
It was found that the swelling of disintegrant particles play a
decisive role 1in force development: only when a significant
swelling of disintegrant particles is present does a measurable
force develops inside the tablet (Table 3). Although swelling

is needed to produce force, no simple quantitative relationship
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could be established between the extent of particle swelling and
the amount of force developed.
Subsequently it was put forward that the extent of force
developed depends on the type of interaction between material and
fluid (type of swelling: molecular, capillar ...) and not on the
volume reached by swollen particles (28).

On the other hand disintegration occurred in the formulation
examined only when a force was present (Table 3 ). The
reiationship found, on a log-log scale, between disintegration

time and the disintegrating force development rate ("input") for

all the ASA tablet series examined (Fig. 7) suggested that
swelling, in order to be effective with respect to tablet
disintegration, must be capable of promoting the development of a
suitabTe amount of force in a suitable time (26).

These results were subsequently validated also in a formulaticn
based on dicalcium phosphate dihydrate (28).

Almost at the same time, Bolhuis and coworkers {29) were
publishing a paper on the action mechanism of modern
disintegrants, with particular regard to the influence of
Tubricants on the disintegration process of a formulation based

on dicalcium phosphate dihydrate and containing different
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TABLE 3

Relationships Between Particle Swelling of Disintegrants Oisintegrating fure

ard Disintegraticn Time of ASA tablets. Compression force Jevel 25.5 ki (25
S 27).
g
=
[ 2SR e R el
<
S Disintagrant Immersion Parzicle Disintagrating Disintegraticn
é fiuid swelling force time
T (47%) (%) (N (s)
© e oo
S MAIZE STARCH [sotonic saiine 40 + 5 22.2 + 3.1 29 -
Z‘ﬂ% 0.1 N HCT 43 5 21.8% 3.5 2+ 7 4
] [sopropanc] - - -
B e e e e
@ , R , - .-
2 EXPLOTAB 0.1 N HCH 72 + 17 25.3 + 0.8 20+ 4
£ [sopropanc] - -
8 e e
g R . . . . . . ,
) AVICEL PH 101 Isotonic saline 75 + 1&  18.6 + 3.5 535 + 43
e z z -
-§55 0.1 N HCI 65 + 7 16.¢ = 1.3 538 + 35
%% [soprcpanc 15+ 7 - -
I e
EE L-HPC Isotanic saline 180 + 25 51.9 - 1.0 16 - 3
E2 0.1 N =05 132711 431520 1673
= Teampamane ] . - -
g3 S
= acorsoLt 0.1 N A2 165 = 12 47.6 + 3.3 S+ 2
g anrcnara ] z n -
3 [scpropane
g NYMCEL ZSB 16 0.1 N HIT 1G4 - 1z 358.5 - 1.2 3% - £
g Isopropanc] - - -
8 T e
§ KOLLIDGH CL [sotonic saline 183 + 3¢ 18.3 + 0.9 a7+ 6
2 0.1 N HCI 120 + 15 18.3 + 2.7 S+ 6
g Iscpropansi 152 + 27 13.7 + 0.3 0+ 10
|5 ot et aemene Rl 1 T T
£ POLYPLASDOME XL Isctonic saline 188 + 23 57.1 + 6.6 16 - 2
S 0.1 N HZ) 165 = 25 55.6 + 6.8 5+ 2
g Is0onrcpanc] 18 + l¢ 38.3 + 0.9 43 + 5
S N R T T
a AMBERLITE IRP 88 0.1 N HCI 57 + 160 70.7 + 8.0 7 + 2

Isopropanc - - -
EUDISPERTR WY Isofonic saline™ 15 + 13 4.5+ 2.3 -
O. 1N KHCT 21 - o 9.8 - 4.1 -

Isopropanc]
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FIGURE 7

Plot of disintegration time versus disintegrating force development
rate values for all the ASA tablet series. Brands indicate excperi-
mental points. The equation of the best fitting curve is:

logy = -1.27 Tog x + 1.75; r = 0.80 (26).

disintegrants. They concluded that the swelling capacity of
disintegrating agents plays a dominant vrole in the process of
disintegration when an hydrophobic Tlubricant is incorporated 1in
the tablet, whereas the swelling capacity of the disintegrating
agent is of minor importance when no hydrophobic vehicle s
present.

They proposed a scheme of disintegrant action for strongly

swelling materials suggesting that these disintegrants act not
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WATER PENETRATION
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SWELLING OF DISINTEGRANT

!

FORCE DEVELOPMENT

!

DISINTEGRATION

FIGURE 8

Disintegration process scheme (5).

only by promoting water penetration but also by causing a chain
reaction of disruption of the tablet.
We enlarged the scheme proposed by Bolhuis and co. by

introducing the force development between the various steps (Fig.

8) (5), since, according to our findings, swelling must be
capable not only of promoting water penetration (29) but also of
producing enough swelling force to cause bond disruption (at
least in the formulations examined).

OQur conclusion was that "“the role of swelling in the
disintegration process is to make pore walls hydrophylic so as to
provide enough swelling force to produce interparticle bonds

disruption. A continuous network formation around the active
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principle particles (13) determines efficient disintegration only

when it promotes a rapid disintegrating force development" (27).

MORE ON THE DISINTEGRATION MECHANISM - MOLECULAR SWELLING

While the role of swelling as a dynamic disintegraticn
mechanism (capable of developing a force) had been assessed Lty
means of  force measurements (27), experimental evidence
supporting or excluding the presence of other dynamic mechanisms
(1) was still Tlacking. In a recent work (28) we tried to quantify
by means of force measurements the significance of disintegration
mechanisms other than swelling.

In order to do this one tablet formulation, based on dicalcium
phosphate dihydrate and containing a fixed percentage of
different disintegrants (4%), was checked for both disintegrating
force and disintegration time in different environmental
conditions, such as are likely to elicit differing disintegration
mechanisms.

In particular measures were effected in distilled water at
differing temperature and air pressure conditions. Surface
tension, density, viscosity, osmotic pressure and water contents

of dimmersion fluid were varied appropriately. The results
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obtained indicated that the environmental conditions are Tikely
to influence disintegrating force development only when they are
capable of influencing the swelling properties of disintegrants.

In particular in all the situations in which water was available
in lesser quantity (for example in water-ethanol mixtures (Fig.
9)) or at a slower rate (for example, on increasing immersion
fluid viscosity (Fig. 10)) to the disintegrant particles, force
development decreased and disintegration time increased. These
effects were more marked for those disintegrants that require
much water in order to swell, owing to their nhigh swelling volume
(e.qg. Primoje]R and Acdiso]R ). By contrast, the efficiency of
disintegrants Tike Po]yp]asdoneR XL and Amber1iteR IRP 88 was
less influenced by the reduced water availability owing to the
fact that they develop a high swelling force despite a Tow
swelling volume. These findings are also going to be validated in

other tablet formulations based on different materials.

The vresults so far obtained, besides supporting the
hypothesis of particle swelling mechanism in the disintegration
process (at least 1in the formulation examined), also suggested
further investigation of swelling at a molecular Tlevel.

In order to do this a molecular model should be developed

attempting to relate the chemico-physical properties of swelling
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FIGURE 9

Relationship between disintegration time and “input" of dibasic
calcium phosphate tablets.

Figures within the symbols indicate the decreasing order of
water  cantents of  immersion fluid (water-ethanol mixture)

(Primojel d ; Ac-Di-So1R O; Po]yp]asdoneR XL A Amber]iteR
IRP 88 Q) (28).

Note that in PoTyp]asdoneR XL containing tablets force development
is scarsely influenced by water contents, since Polyplasdone™y|
swelling is also activated in alcohols.

materials to the amount of water penetrated and the amount of

force developed.

A better understanding of swelling at a molecular level should

also  prove useful for  the comprehensfon  of other
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FIGURE 10

Relationship between disintegration time and "input" of dibasic
calcium phosphate tablets.

Figures within the symbols indicate the increasing order of
immersioan]uid viscosity. R R
(Primojel” O ; Ac-Di-So1” < ; Polyplasdone” XL 4; Amberlite
IRP 88 O) (28).

swelling-controlled phenomena such as the controlled release of

active principles (30).

WATER PENETRATION AND DISINTEGRATING FORCE

The two schemes proposed for the disintegration process, one
based on water penetration {29) and the other on force
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development (5,28), seemed to provide the same kind of
information at least in the case of insoluble formulations (31).

However it was felt that they should not necessarily apply to
other kinds of tablet formulations, in particular to soluble
ones. In fact, preliminary studies had indicated that, in tablet

formulations where the base material is soluble in the immersion

fluid, such as, for example, glucose in water or ASA in alcohols,
disintegrating force development was hindered (5) (Fig. 11).
Moreover, the very interesting papers, published by Lerk and co.
on the disintegration and dissolution pattern of different kinds
of Tactose (32) had proved that, besides active mechanisms (that
is those capable of developing a disintegrating force), also
passive mechanisms, (that is those capable of weakening
interparticle bonds without developing repulsion between
particles), may be responsible for disintegration process.

It was believed that, when passive mechanisms (such as
hydrogen bond annihilation) are also present, a poor correlation
between disintegrating force parameters and disintegration time
was to be expected and that water penetration measurements should
be better related to disintegration behaviour.

Consequently we combined water penetration and disintegrating

force  measurements in differing tablet base materials
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100

Glucose in isopropyl alcohol

50 Y Acetylsalicylic acid in water

® Acetylsalicylic acid in isopro-
pyl alcohol

A Glucose in water

! ! L ! 1 ]

0 10 20 30 40 50
DISINTEGRANT (POLYPLASDONER XL) AMOUNT (%)

FIGURE 11

Effect of tablet base material solubility on disintegrating
force development (5).

Polyplasdone XL was chosen as a disintegrant since its swelling
is also activated in alcohol.

(water-soluble, hydrophilic and hydrophobic) such as were 1likely
to elicit different disintegration mechanisms.

Such a study allowed us to assess the role played by active and
passive mechanisms in the disintegration process (33).
Subsequently (34), to provide a general model describing the

relationships between water uptake, force development and
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disintegration time depending on the base material employed, we
set up a "designed" experiment. Different tablet series were
chosen made from either dicalcium phosphate dihydrate or
acetylsalicylic acid or A-Tactose monohydrate or /3 -lactose.
Three disintegrants with differing swelling properties and
employed 1in varying percentages, so as to modify formula
hydrophylicity opportunely, were chosen.

Data relative to these tablet series, that is disintegration
time, disintegrating force development rate and water penetration
rate (expressed, in analogy with force measures, by an
instantaneous value of water penetration rate (32)), were treated
by multipie regression analysis effected on the log transform of
both dependent variable (disintegration time) and independent
variables (disintegrating force development vrate and water
penetration rate). Additional “dummy" and interaction variables
were added to the model to take into account  the type of base
material employed and the possible interactions between the
material employed and the measure effected.

Multiple regression calculations were effected using the ‘“new
regression" procedure of the SSPS program. Independent variables

were entered into the regression equation in the following order:
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water penetration rate, disintegrating force development rate,
"dummy" variables and interaction variables. As each new variable

was considered its inclusion in the final regression equation was

decided on the basis of a statistical test, depending on whether
it contributed significantly to the regression relationship or
not.

It was found that the relationship between disintegration time,
disintegrating force development rate and water penetration rate
depended on the type of base material employed and in particular
on its solubility characteristics. In any case, entering
disintegrating force measures besides water penetration
measurements significantly improved the regression relationship,
even in the case of soluble materials, thus allowing us to
differentiate among different materials.

The predictive power of the regression model obtained shall be

validated on other tablet formulations.

CONCLUSIVE REMARKS

So far, we got to certain conclusions concerning the
relationships between water penetration, force development and

disintegration. Although the results are reasonably applicable to
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different kinds of formulations, they provide only a
phenomenological description of the disintegration process.

The future development of this research should be aimed at
two main goals: a theoretical goal, that is to provide a more

physical explanation (30) of the disintegration process; a

practical goal, that is to assist tablet formulatoirs in the
choice of an individualized disintegrant for every tablet base

material.

REFERENCES

1) P.Colombo, U.Conte, C.Caramella, A.La Manna, 17 Farmaco Ed.
Prat. 35, 391 (1980)

2) P.H.List, V.A.Muazzam, Drugs made in Germany, 22, 161 (1979)

3) P.H.List, V.A.Muazzam, Pharm. Ind., ﬂl, 1075 (1979)

4) P.Colombo, C.Caramella, U.Conte, A.La Manna, Drug Dev. Ind.
Pharm. 7, 135 (1981)

5) C.Caramella, P.Colombo, U.Conte, A.Gazzaniga, A.La Manna,
Paper presented at IX A.D.R.I.T.E.L.F. Symposium, Siena 24-26
May, 1984

6) P.Colombo, U.Conte, C.Caramella, M.Geddo, A.La Manna, J.

Pharm. Sci., 73, 701 (1985)

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

For personal use only.

TABLET DISINTEGRATION UPDATE 2143

7) F.Langenbucker, J.Pharm. Pharmacol., 24, 979 (1972)

8) P.L.Gould, S.B.Tan, Drug Dev. Ind. Pharm., 11, 1819 (1985)

9) P.M.Hi11, J. Pharm. Sci., 65, 1964 (1976)

10) J.Ringard, AM. Guyot-Hermann, British  Pharmaceutical
Technology Conference, London 9th-11th April, 1980

11) W.Lowenthal, Pharm. Acta Helv. 48, 589 (1973)

12) P.Couvreur, M.Roland, J.Pharm. Belg., 31, 511 (1976)

13) J.Ringard, A.M.Guyot-Hermann, Labo-Pharma-Probl. Tech., 30, 7
(1982)

14) P.Couvreur, J.Gillard, H.G. Van den Schrieck, M.Roland,
J.Pharm.Belg. 29, 399 (1974)

15) C.Fuhrer, Pharm. Acta Helv., 48, 589 (1973)

16) H.Matsumaru, Yakugaku Zasshi, 79, 63 (1959)

i7) A.P.Rivas, F.M.0Orr Jr., L.E.Scriven, Lat. Am. J. Chem. Eng.
Appl. Chem., 5, 93 (1975)

18) E.M.Rudnic, C.T.Rhodes, S.Welch, P.Bernardo, Drug Dev. Ind.
Pharm., 9, 87 (1982)

19) E.Nurnberg, Drugs made in Germany 16, 88 (1973)

20) A.Mitrejev, R.G.Holenbeck, Pharm. Tech. Conference 1982, New
York, Abs. of papers, 211

21) A.S.Kornblum, S.B.Stooppak, J.Pharm.Sci., 62, 43 (1973)

22) R.Shangraw, A.Mitrevej, M.Shah, Pharm. technol. 4, 49 (1980)

RIGHTS L



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

For personal use only.

2144

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

CARAMELLA ET AL.

H.Nogami, H.Fukuzawa, Y.Nakai, Chem. Pharm. Bull., 11, 1389
(1963)

D.Gissinger, A.Stamm, Drug Dev. Ind. Pharm., &, 511 (1980)
C.Caramella, P.Colombo, G.P.Bettinetti, F.Giordano, U.Conte,
A.La Menna, Acta Pharm. Technol., 29, 30 (1984)

C.Caramella, P.Cotlombo, U.Conte, A.La Manna,
Labo-Pharma-Probl. Tech., 32, 115 (1984)

C.Caramella, P.Colombo, U.Conte, A.Gazzaniga, A.La Manna,
Int. J. Pharm. Tech. Prod. Mfr., 5, 1 (1984)

C.Caramella, P.Colombo, F.Ferrari, U.Conte, A.La Manna, 4th
Intern. Conference on Pharmaceutical Technology, Paris -5
June 1986, Proceedings of the Conference, Vol. IV, pag. 63
G.K.Bolhuis, H.V. Van Kamp, C.F.Lerk; F.G.M. Sessink, Acta
Pharm. Technol., 28, 111 (1982)

N.A.Peppas, personal communication

C.Caramella, A.Gazzaniga, F.Ferrari, P.Colombo, U.Conte, A.La
Manna, Chimica (Cggi, Dicembre 1986, p. 11

H.V.Van Kamp, G.K.Bolhuis, K.D.Kussendrager, C.F.Lerk, Int.
J. Pharm. 28, 229 (1986)

C.Caramella, P.Colombo, U.Conte, F.Ferrari, A.La Manna, H.V.

Van Kamp, G.K.Bolhuis, Drug Dev. Ind. Pharm., 12, 1749 (1986)

RIGHTS



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12
For personal use only.

TABLET DISINTEGRATION UPDATE 2145

34) C.Caramella, F.Ferrari, S.Silva, A.La Manna, Paper presented

at X A.D.R.I.T.E.L.F. Symposium, Torino 22-24 May 1986

RIGHTS

ir





